There is a strong epidemiologic relationship between hyperglycemia and long-term complications of type 2 diabetes ([@B1]--[@B4]), and intensive treatment studies have verified that improving glycemic control can delay or prevent some of these complications ([@B5]--[@B8]). However, interventional studies have shown that diabetes is a progressive disorder, and the treatments used often do not prevent a gradual increase of hyperglycemia over time ([@B9]--[@B11]). The Outcome Reduction with Initial Glargine Intervention (ORIGIN; NCT00069784) trial compared the medical outcomes of two different glycemic treatment approaches for people with dysglycemia either with or without a diagnosis of diabetes who were taking no more than one oral glucose-lowering drug ([@B12]). The 12,537 participants were randomized to treatment with either basal insulin glargine, which was systematically titrated to maintain fasting plasma glucose (FPG) ≤5.3 mmol/L (≤95 mg/dL), or to standard care based on oral therapy. Cardiovascular and other medical outcomes of ORIGIN and the glycemic control results for the whole population have been reported previously ([@B13],[@B14]). Here we report the glycemic control results separately for the subgroups with and without diabetes at enrollment and assess the independent associations of glycemic status and other baseline characteristics, and the treatment regimen used, with maintenance of updated mean A1C below \<6.5% for up to 5 years of follow-up.

RESEARCH DESIGN AND METHODS {#s1}
===========================

Participants {#s2}
------------

The rationale and design of the ORIGIN trial were reported previously ([@B9]). In brief, it was a multinational randomized trial with a 2 × 2 factorial design that tested two pairs of interventions. Titrated basal insulin glargine was compared with standard stepwise oral therapy, and an omega-3 fatty acid supplement with placebo. Participants were required to have a prior cardiovascular (CV) event or other evidence of high CV risk together with documented dysglycemia, defined as either impaired fasting glucose, impaired glucose tolerance (or the two together), or newly detected or previously diagnosed type 2 diabetes. Participants with diabetes could be treated with lifestyle alone or accompanied by no more than a single oral glucose-lowering agent. The present analysis concerns the glycemic intervention, with use of omega-3 fatty acids included only as a covariate. Data from all 12,537 individuals in 40 countries were assessed.

Interventions {#s3}
-------------

Participants assigned to standard care continued their prior glucose-lowering treatment and were managed according to the investigators' judgment and local guidelines for glycemic control and therapeutic approaches. Investigators were advised not to prescribe insulin for standard participants unless they were on full doses of two or more oral agents, and if insulin was added, glargine was not to be used. Participants assigned to basal insulin glargine who were taking a thiazolidinedione prior to randomization stopped this medication but continued to take other glucose-lowering agents. Insulin glargine (Lantus; Sanofi) was added to their regimen starting at 2--6 units daily, based on fasting glucose levels. Participants were advised to inject the glargine in the evening and to self-titrate the dosage using a simple algorithm supported by the site investigators. Self-measured, plasma-referenced fasting capillary blood glucose tests were done at least twice-weekly to guide titration, with the goal of achieving and maintaining fasting glucose at ≤5.3 mmol/L (≤95 mg/dL). Other oral agents could be continued, reduced, or discontinued as judged appropriate during treatment with insulin glargine. The only oral agent that could be added (if not previously used) was metformin, which the site investigator initiated for individual participants if judged necessary to limit the risk of hypoglycemia. The importance of lifestyle management was periodically reinforced in both treatment groups.

Measurements {#s4}
------------

In addition to self-measured glucose tests, venous blood for measurement of FPG and A1C at local laboratories was collected at intervals during treatment. Measurements of A1C were done at baseline, yearly thereafter, and at the end of treatment for all participants. All participants in the glargine treatment group and the nondiabetic participants in the standard care group had FPG levels measured at baseline, annually, and at the end of treatment. Participants with diabetes in the standard care group had FPG measurements at baseline, after 2 years, and at the end of treatment. Historical information about participants (such as smoking and alcohol habits, prior CV events, depression, and other medical problems) was systematically collected at baseline by participant self-report.

Statistical analysis {#s5}
--------------------

Summary statistics were computed for baseline characteristics of the whole population and for subgroups by glycemic treatment allocation and by glycemic status at enrollment (diabetes absent or present). Median FPG and A1C with interquartile ranges were computed for each subgroup for all time points. Percentages of participants in each subgroup having A1C \<6.5 and \<7.0% (two levels commonly identified as targets for glycemic control) ([@B15],[@B16]) were calculated for each time point from the beginning to the end of the trial.

To determine the relationships between baseline characteristics and glycemic outcomes, findings for all randomized participants during the first 5 years of treatment were analyzed. Maintenance of an A1C \<6.5% during treatment was defined as having the mean of all available annual measurements, including the 1-year value, up to and including the 5-year value (i.e., the updated mean A1C) below those levels. Univariable analyses of the relationships between clinical characteristics and a maintained A1C \<6.5% were performed using linear regression models. Characteristics with a *P* \< 0.1 in univariate analyses were entered into multivariable models. Model 1 included all baseline characteristics meeting this criterion, including baseline glycemic status (diabetes vs. no diabetes), but not glycemic treatment allocation. The independent effect of allocation to basal insulin glargine versus standard care was assessed by adding this variable to model 2, which included all variables statistically significant at *P* \< 0.05 in model 1. The unadjusted effect of allocation to insulin glargine within subgroups was estimated using logistic regression and statistical tests for interactions between allocation and these subgroups. The results of these analyses were displayed as a forest plot.

RESULTS {#s6}
=======

Baseline characteristics {#s7}
------------------------

The characteristics of the ORIGIN population at enrollment, divided by treatment assignment and glycemic status, are shown in [Table 1](#T1){ref-type="table"}. Of 12,537 subjects randomized, 6,264 were assigned to treatment with insulin glargine and 6,273 to standard care. For the whole population, the mean age was 63.5 years, median FPG 6.9 mmol/L (125 mg/dL), and median A1C 6.4% (46 mmol/mol). The two randomized treatment groups were alike in baseline characteristics. Eighty-eight percent of participants had either a prior diagnosis of diabetes (of mean duration of 5.4 years) or newly detected diabetes. The 12% without diabetes clearly differed from those with diabetes in FPG and A1C levels and also in other ways, including more frequent prior CV events, use of alcohol, depression, and use of statins and β-blockers.

###### 

Baseline characteristics of participants
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Glycemic responses of participants with and without diabetes {#s8}
------------------------------------------------------------

### Median FPG. {#s9}

The median period of follow-up on randomized treatment was 6.2 years. The effect of treatment allocation on the responses of FPG and A1C during treatment is shown in [Fig. 1](#F1){ref-type="fig"}. For participants without diabetes, the median FPG (interquartile range) was 6.1 mmol/L (5.5--6.4) prior to randomized treatment ([Fig. 1*A*](#F1){ref-type="fig"}). Standard care led to little change of FPG in this subgroup, but insulin glargine caused a sustained decrease to median values of 5.0 (4.5--5.5), 4.9 (4.4--5.5), 5.0 (4.5--5.7), and 5.1 mmol/L (4.5--5.8) at 1, 2, 5, and 7 years. For participants with diabetes, the median baseline FPG was 7.2 mmol/L (6.2--8.4). With standard care, the values at 2 years and the end of treatment were 6.8 (5.9--8.1) and 7.0 mmol/L (5.9--8.4) ([Fig. 1*B*](#F1){ref-type="fig"}). Treatment with glargine reduced median FPG to 5.2 (4.6--5.9), 5.0 (4.4--5.8), 5.1 (4.5--6.1), and 5.3 mmol/L (4.5--6.4) after 1, 2, 5, and 7 years.

![Median FPG values and median A1C values at baseline, yearly during randomized treatment, and at the end of treatment are shown separately for participants without diabetes (*A* for FPG, *C* for A1C) and with diabetes (*B* for FPG, *D* for A1C) at baseline. The group assigned to use basal insulin glargine is shown by solid lines and solid circles, and the group assigned to standard care by broken lines and open circles. The numbers at the bottom of each panel show the number of observations included at each point in time.](2915fig1){#F1}

### Median A1C. {#s10}

For participants without diabetes, A1C changed little from baseline with either regimen ([Fig. 1*C*](#F1){ref-type="fig"} and [Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2238/-/DC1)). With standard therapy, the median A1C was 5.7% (5.4--6.1) at baseline, 5.7% (5.4--6.1) at 1 year, and 6.0% (5.6--6.4) after 5 years. For glargine-treated participants, median A1C was 5.7% (5.4--6.0) at baseline, 5.6% (5.3--5.9) at 1 year, and 5.8% (5.5--6.1) at 5 years. For participants with diabetes, the median A1C at baseline was 6.6% (6.0--7.3) ([Fig. 1*D*](#F1){ref-type="fig"}). During standard care, the median A1C values at 1, 2, 5, and 7 years were 6.3 (5.8--7.0), 6.4 (5.9--7.0), 6.6 (6.1--7.3), and 6.6% (6.1--7.3). Corresponding values during treatment with glargine declined to 6.0 (5.5--6.5), 6.0 (5.6--6.6), 6.3 (5.8--6.9), and 6.3% (5.8--6.9). For comparison with these median values, mean A1C during treatment is also provided in [Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2238/-/DC1).

### Percentages \<7.0 and 6.5% A1C. {#s11}

Of participants without diabetes at entry, \>90% sustained A1C levels \<7.0% (53 mmol/mol), and \>75% achieved an A1C \<6.5% (48 mmol/mol) throughout randomized treatment with both regimens ([Fig. 2*A*](#F2){ref-type="fig"} and [*C*](#F2){ref-type="fig"}). Of participants with diabetes, 66% had an A1C \<7.0% and 47% had A1C \<6.5% before starting treatment ([Fig. 2*B* and *D*](#F2){ref-type="fig"}). During glargine treatment, the percentage in the diabetic subgroup achieving an A1C \<7.0% increased to 88% at 1 year and 77% at 5 years, and the percentage achieving an A1C \<6.5% was 74% at 1 year and 60% after 5 years. With standard care, the percentages in the diabetic subgroup were 76% with A1C \<7.0% at 1 year and 66% at 5 years, and 58% with A1C \<6.5% at 1 year and 45% at 5 years.

![Percentages of participants with A1C values \<7.0 and \<6.5% at baseline and yearly during randomized treatment are shown separately for those without diabetes (*A* for \<7.0%, *C* for \<6.5%) and with diabetes (*B* for \<7.0%, *D* for \<6.5%) at baseline. The group assigned to use basal insulin glargine is shown by solid lines and solid circles, and the group assigned to standard care by broken lines and open circles.](2915fig2){#F2}

Predictors of success in maintaining mean A1C \<6.5% {#s12}
----------------------------------------------------

Associations of various clinical factors with maintaining a mean level of \<6.5% for up to 5 years are shown in [Table 2](#T2){ref-type="table"}. Univariate associations with this outcome are shown for all baseline characteristics. Multivariable model 1, which included baseline characteristics with a univariate *P* \< 0.1 for this association, displays several factors with independent associations with maintaining A1C \<6.5%. These were greater age, reported use of alcohol, diagnosis of depression, lower A1C, lower waist-to-hip ratio, greater grip strength, lower albumin-to-creatinine ratio (ACR), lack of diabetes at baseline, and perhaps lack of statin use (*P* = 0.053). Model 2 included the baseline characteristics independently associated with mean A1C \<6.5% in model 1 with a *P* value \<0.05 as well as the effect of allocation to insulin glargine versus standard care. In model 2, greater age, use of alcohol, depression, lower A1C, lower waist-to-hip ratio, greater grip strength, lower ACR, and lack of diabetes were significant independent predictors. The adjusted odds ratio (OR) for success in maintaining A1C \<6.5% when using glargine compared with standard care was 2.98 (*P* \< 0.001). In a further multivariable analysis not reported in detail here, independent predictors of maintaining mean updated A1C \<7.0% during 5 years of treatment were similar. Greater age, use of alcohol, lower A1C at baseline, and lack of diabetes at baseline were independent predictors, and the OR for glargine versus standard care was 2.41 (*P* \< 0.001).

###### 
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In an unadjusted subgroup analysis, the glargine-based regimen was more effective than standard care in all subgroups, including those with and without diabetes at baseline, with ORs close to 2 and no overlap of 95% CIs with unity ([Supplementary Fig. 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2238/-/DC1)). Three subgroup comparisons showed a nominally significant interaction with treatment assignment; glargine may have been modestly more effective in participants with higher waist-to-hip ratios (*P* = 0.011), greater grip strength (*P* \< 0.001), and moderate use of alcohol (*P* = 0.029).

Glucose-lowering therapies and confirmed hypoglycemia {#s13}
-----------------------------------------------------

The usage of oral glucose-lowering agents prior to randomization is listed in [Supplementary Table 2](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2238/-/DC1). Less than 2% of participants with dysglycemia not meeting the criteria of diabetes had used such agents prior to entry, and none at the time of oral glucose tolerance testing during screening. Of the participants with diabetes at enrollment, 33% were taking no oral therapy, 31% were taking metformin, and 33% were taking a sulfonylurea. [Supplementary Table 3](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2238/-/DC1) displays usage of oral agents and insulin at the end of treatment. Of the participants without diabetes at entry, 69% of those assigned to glargine and 0.3% of those assigned to standard care were taking insulin at the end of the study. At the end of follow-up, 21% of those randomized to glargine and 29% of those randomized to standard care were taking one or more oral agents, most often metformin (18 and 24%; *P* \< 0.003). Of the participants with diabetes at entry, insulin was used at the end by 82% of those who were assigned to glargine treatment and by 12% of those assigned to standard care (*P* \< 0.001). Oral therapies were used by 71% of participants with diabetes assigned to glargine and 88% of those assigned to standard care (*P* \< 0.001). Metformin was taken by 51 and 65% of subjects in the glargine and standard groups, respectively, and sulfonylureas were used by 28 and 52% (each \<0.001). Two or more oral agents were taken by 14% of the glargine-treated group and 42% of the standard care group. The percentages of people with diabetes at enrollment having one or more hypoglycemic episodes confirmed by a glucose test of \<3 mmol/L (\<54 mg/dL) was 10.5 per 100 person-years with glargine and 3.0 per 100 person-years with standard treatment. The corresponding frequencies for those without diabetes at enrollment were 5.7 and 0.3 per 100 person-years.

CONCLUSIONS {#s14}
===========

As previously reported, the methods of therapy used in ORIGIN maintained excellent control of both FPG and A1C for at least 5 years of follow-up in the whole study population with dysglycemia. The present analysis expands this demonstration by examining the subpopulations with and without diabetes at baseline separately. In the subgroup without diabetes at baseline, there was a small increase of median A1C from 5.7% (39 mmol/mol) initially to 6.0% (42 mmol/mol) with standard care and to 5.8% (40 mmol/mol) with glargine after 5 years of follow-up. In those with diabetes at entry, median A1C decreased slightly from the 6.5% (48 mmol/mol) baseline after initiation of either glargine or standard care, and then it slowly increased with both treatments. After 5 years, the median A1C was 6.6% (49 mmol/mol) with standard care and 6.3% (45 mmol/mol) with glargine. Relative stability of A1C levels over time was not unexpected for the subpopulation without diabetes, but the finding that both treatment regimens had sustained success in people with overt diabetes at entry is reassuring. In contrast, glycemic control steadily worsened over the course of 5--10 years in some other long-term studies of type 2 diabetes ([@B9]--[@B11]). Sustained glycemic control in ORIGIN presumably was related to the use in each treatment arm of "treat-to-target" schemes, which called for intensification of treatment in response to evidence of rising levels of glucose. The dosage of glargine was systematically adjusted, seeking FPG levels ≤5.3 mmol/L, and metformin could be added to mitigate the risk of hypoglycemia. Similarly, during standard therapy, oral medications were added and their dosage increased, with the aim of keeping A1C below either 6.5 or 7.0%, depending on locally accepted guidelines. At the end of treatment, 42% of those using the standard regimen were taking two or more oral agents, and 14% of participants assigned to glargine therapy were doing so. Treatment in the Belfast ([@B9]), UK Prospective Diabetes Study (UKPDS) ([@B10]), and A Diabetes Outcome Progression Trial (ADOPT) ([@B11]) studies, in contrast, was based on assignment to monotherapy regimens, including diet alone, metformin, sulfonylurea, thiazolidinedione, or basal insulin, with escalation of therapy only under certain conditions.

The glycemic control attained in ORIGIN resembled that achieved in Action in Vascular Disease: Preterax and Diamocron Modified Release Controlled Evaluation (ADVANCE) ([@B17]), Action to Control Cardiovascular Risk in Diabetes (ACCORD) ([@B18]), and Veterans Affairs Diabetes Trial (VADT) ([@B19]), other trials in which glucose-lowering therapies in the intensive treatment groups were systematically adjusted seeking near-normal glycemic control. However, compared with the population in ORIGIN, participants in these studies had a longer duration of diabetes and in many cases established therapy with multiple glucose-lowering agents prior to enrollment. The A1C levels attained in ADVANCE (6.5% \[48 mmol/mol\]) and ACCORD (6.4% \[46 mmol/mol\]) were close to those at baseline in ORIGIN (6.5%), whereas those in VADT were slightly higher (6.9% \[52 mmol/mol\]). In all three studies, these values were achieved by strenuous efforts to improve control from higher A1C levels at baseline. Hence, maintenance of A1C at or below near-normal entry levels in ORIGIN contrasts with the other trials' efforts to restore previously inadequate glycemic control. Keeping glycemic control below a level associated with increasing risk of diabetes complications by advancing therapy as needed may be a more desirable approach than the historically common practice of allowing marked hyperglycemia to occur and then attempting to reduce levels to a lower target ([@B20]--[@B22]). This concept is in keeping with the recent adoption of A1C 6.5% as one option for timely diagnosis of diabetes to allow intervention to minimize the risk of complications ([@B23],[@B24]).

This analysis also identified baseline characteristics of ORIGIN participants that were predictive of maintaining an updated mean A1C from the first year of treatment to the end of treatment or 5 years of follow-up at \<6.5%. This measure of treatment success was selected because it was close to the median value at entry to the trial and also reflects a level of control now endorsed as a threshold for diagnosing diabetes. Data after 5 years of treatment were not included because of the smaller numbers of participants who had been in the study long enough to complete 6 or 7 years. Individuals with diabetes at baseline were understandably less likely than those without diabetes to have this level of success in controlling A1C, having an adjusted OR of 0.309 (*P* \< 0.0001). An association of long-term treatment success with lower baseline A1C, independent of the presence of overt diabetes, was also demonstrated, consistent with other studies. Other predictive factors included greater age, use of alcohol more than two times weekly, depression, lower A1C, and lower waist-to-hip ratio (all *P* \< 0.001). Less clearly associated factors were greater grip strength (*P* = 0.038) and lower urinary albumin excretion (*P* = 0.035). Speculative explanations may be offered for these associations. Better success for individuals who were older at enrollment might reflect slower progression of the underlying defects of diabetes in those with later onset. Lower waist-to-hip ratio, greater grip strength ([@B25]), and lower albumin excretion might be markers for better physical fitness and a lower burden of microvascular complications of diabetes. Moderate use of alcohol may be associated with favorable physiological patterns and reduced risk of type 2 diabetes and mortality ([@B26]), and participants who reported depression might have been more willing to make changes to reduce depression or otherwise improve health-related behavior. Several of these associations support the assumption that various behavioral characteristics of participants influenced the success of these treatment regimens in maintaining glycemic control.

Finally, allocation to basal insulin glargine with titration of dosage seeking normal FPG levels led to a nearly threefold increase in the likelihood of maintaining mean A1C \<6.5% for 5 years. Moreover, this effect was observed in subgroups representing characteristics that were associated with success in maintaining A1C \<6.5% for 5 years. This observation is not surprising given that an ambitious glycemic target for glargine titration, fasting glucose \<5.3 mmol/L, was systematically sought. Experience in ORIGIN showed that early use of this basal insulin was able to both attain and maintain this level of control of FPG, and thereby keep A1C from rising above baseline levels (median 6.5% \[48 mmol/mol\]) for a majority of people with overt diabetes at baseline for up to 5 years (5-year median 6.3% \[45 mmol/mol\], 60% of participants \<6.5%). However, the short- and long-term risks versus benefits of this method of treatment relative to standard care in ORIGIN are not yet well-defined. As previously reported ([@B13],[@B27]), the use of systematically titrated glargine in ORIGIN was associated with 1.6-kg gain of weight and 0.7% increased incidence of severe hypoglycemia. These unwanted effects of seeking nearly normal glycemic control were less prominent in ORIGIN than in the trials in which participants had a longer duration of diabetes and more elevated A1C levels at baseline ([@B18],[@B19]). For example, the mean gain of weight with the intensive treatment regimen in the VADT was 8.2 kg ([@B19]). Also, the annual incidence of severe hypoglycemia with intensive treatment in ACCORD was 3.1% ([@B27]), whereas it was 1.0% with basal insulin and 0.3% with standard therapy in ORIGIN ([@B13]). Although maintenance of nearly normal glycemic control for 5 years may be predicted to delay the development of complications of diabetes, the present analysis lacks information about the predictors and consequences of hypoglycemia and other unwanted effects of insulin glargine relative to standard care. Therefore, further examination of data from ORIGIN is needed to clarify the balance of risks to potential benefits from early intervention with insulin glargine.

In conclusion, early intervention with basal insulin glargine or with standard care kept median A1C near the starting level for at least 5 years in both the subgroup without diabetes and the subgroup with diabetes at entry. Maintaining the mean of yearly A1C measurements at \<6.5% (48 mmol/mol) was more often accomplished when the initial A1C was lower and with titrated basal insulin glargine than with standard care. However, the risks versus benefits of this approach remain to be determined by further analyses and additional follow-up of ORIGIN participants.
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